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INTRODUCTION 

mmunodeficiency is the inability of body's immune system to 

perform its normal functions in protecting the host. Primary 

immunodeficiencies are hereditary, whereas secondary 

immunodeficiencies are acquired making them much more 

common (Chinen and Shearer, 2010). 

Primary immunodeficiency disorders (PIDs) are a group 

of genetic defects characterized by abnormalities of one or more 

components of the immune system. While there have been 

several advances in diagnosis, management and research in the 

field of PIDs, they continue to remain under-diagnosed, 

especially in the less affluent countries. More than 300 

genetically defined single-gene inborn errors of immunity are 

being recognized as a cause of PIDs (Bousfiha et al., 2015). The 

increasing number of known types of PIDs in the past two 

decades is mainly due to the increasing knowledge of the 

function of immune system in addition to more accurate 

diagnostic methods (Bousfiha et al., 2013). Lack of awareness 

of PIDs is the major reason in delayed diagnosis and treatment 

resulting in morbidity and mortality (Nourijelyani et al., 2012). 

I 
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The International Union of Immunological Societies 

(IUIS) Expert Committee on Primary Immunodeficiency 

updated the classification of human primary immunodeficiencies 

into major groups of PIDs (Bousfiha et al., 2020): 

1- Immunodeficiencies affecting cellular and humoral 

immunity. 

2- Combined immunodeficiencies with associated or syndromic 

features. 

3- Predominantly antibody deficiencies. 

4- Diseases of immune dysregulation. 

5- Congenital defects of phagocyte number, function, or both. 

6- Defects in Intrinsic and Innate Immunity. 

7- Autoinflammatory disorders. 

8- Complement deficiencies. 

9- Bone marrow failure disorders. 

10- Phenocopies of PID. 

Chronic granulomatous disease (CGD), a rare primary 

immunodeficiency, is an innate, inherited, heterogeneous 

immunodeficiency disorder that renders patients susceptible to 

recurrent, severe pyogenic bacterial and/or fungal infections and 

excessive hyperinflammatory responses with eventual granuloma 

formation and premature death of the affected patients (Roos et 

al., 2014). This is caused by a defect in one of the subunits of the 

phagocyte-specific components of nicotinamide adenine 

dinucleotide phosphate (NADPH)-oxidase. These genetic defects 

lead to significantly decreased reactive oxygen species (ROS) 
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production, which plays a pivotal role in microbial killing. 

Mutations may affect one of the five genes (CYBB, CYBA, 

NCF1, NCF2, and NCF4) that encode structural components of 

the NADPH oxidase protein (gp91phox, p22phox, p47phox, 

p67phox, and p40phox, respectively). The gp91phox and 

p22phox proteins are located in the cell membrane and together 

form the flavocytochrome b558 of the NADPH oxidase. During 

phagocytosis, the cytosolic NADPH oxidase subunits p47phox, 

p67phox, and p40phox translocate to flavocytochrome b558 in 

the phagosomal membrane, inducing a conformational change 

that allows NADPH to donate electrons to gp91phox. This leads 

to the generation of superoxide in the phagosome, from which 

other ROS such as hydrogen peroxide may be formed (Fayyaz et 

al.,2020). 

Chronic granulomatous disease affects males more often 

than females. In North American and European studies, 

approximately two-thirds of individuals have the X-linked 

recessive form of the disorder (Marciano et al., 2018). Defects 

in gp91phox are an X-linked recessive (XLR-CGD) inheritance 

and are found in approximately 70% of CGD patients, who have 

the most severe phenotype. The autosomal recessive forms of 

CGD (AR-CGD) are due to mutations in the CYBA gene on 

chromosome 16 (5% of patients), the NCF1 gene on 

chromosome 7 (20%), the NCF2 gene on chromosome 1 (5%), 

or the NCF4 gene on chromosome 22 where only one patient was 

reported (Matute, 2009). 
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Dihydrorhodamine test (DHR) is considered the gold 

standard for diagnosis of CGD using the mean fluorescence 

intensity of rhodamine 123 to quantitatively correlate it with 

reactive oxygen intermediate production and subsequent 

survival in patients with CGD. However, the oxidation of DHR 

also requires some myeloperoxidase activity and so its 

deficiency can appear with various levels of superoxide 

production on flow cytometry. Therefore, it is very important to 

determine the definitive molecular genetic defect using gene 

sequencing or other molecular techniques to diagnose (Yu et al., 

2018).  

 


